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Tb® phmnmrnnon ef haat ©Tolatlon hy moist plmt aafceriais iias l>®em 
the 8«bJ«et of much s^©ulstlom and afetjsiy. this pr©e«8s# sowBtlfflftg 
kaowa as th©r»og«n®si«.,- kaa sttractsi Majy iswstigntors set ©aly "b#-
mnmm ®f its ttieoratleal important# bwfc also 'bscaiss© ©f its aany 
p»etl©al raMifi«tio»», 
foday tfi# #©QUoaie Iswes that aceos i^:^  the tftttfciag of moist plmut 
mterial aso«nt to mny willioa® at dollws in tl» l!ttlfe©4 3tat«s, and 
statistics of other eamtrl#® iu4i®,t« e i^ally hm-ry loss®®. Ivolution 
of h«t is espaeislly obsarred la tB# e«.e« af fresh or li3co.mplet«ly 
dried erofs sa-  ^ «s haj,, f©d4®r or gmiB» Compost lisapg ®adfl up of 
ia0i.gt«tt@<i s«b®rla.l» stieh m stmw m drietf ieft"r@8» also prodw® Mat, 
aad fari^ ftrd mmr# similarly oft»E aad#rg©®s a ris# ia tmparatar® dur-
ifig t!i« '*rip©»i«f pree«g«* of stor»g#, lavsstigafcors hmm h©M at 
mrloas tia»s timt this ph*a«a«Jtoa of i»«biiig was 4u# t© ©i» or a 
e«felimtioa of thr©e ag®Bel@a,^  ,aior®l>lal *otioa, •asyii® aoti-rtty ia r©s-
pirati'^  aad aa «nite'-#xid&tiw process ft®gist#i Isy iaorgftaie eatolysts, 
but tbe p'««®at Ti@w Is that slerobial atetivlty is prisarily if K0t 
©3Ecltt«iv@ly m^OESibl«» fhm physielo-gieal d®©ospositioa m 4i«siaila-
tioji «f foo4 material® fural^ es ssergy for th® imlatsnaiaB® of hetero­
trophic aier«orf»ni8*«» In. this pr©o«8® mmm emrgy is lil>«rat®4 than 
is a»o«8»ry tar the miateaaao® M»d ssfstheti® aeti-slti®® of tim org&nim. 
This «xe«sB of energy «^©arteg its i^ &t is ©rdisarily dissip^ed iato 
the sttrpcwadiag medium or ataosphsr© «o that aeeaaiulatioa 
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©Tolutten of h»at 1» mssocirtftd with the mpM f®-ni®Bfeatl«»- of sea®, 
particularly amilabl® or th«riaog@nio «n«tlta@.afc, FttrfcJia'soro,, %o 
th® p'eseat b® a"bt«pfc hag been lasi® to <i#t®r»its@ f««Btatively the heat 
©•flulwd in saA f®r«mt&tioas» 
lu this di«sarta.ti«*i» th© eonsferaetloa sad ©fsratioas of m. adin-batle 
sppa*0.tttg f©r study of th«r-®oE«ale femmtatioas 4«eeFil»04» A mmhmr 
of tIi#rB®f.eaie deooitfjossticas using m.% straw as a sabstrat® are 
dsserifeei. 
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•*th0r«og©i»8is"» la st«!iyii3g th«"®ogeii«si® by .gamisatir^ graia, h® 
a of wait a»4 pla«s®i it 1» an app.rafcas ccustrwcfe'si 
to Ks&sare rig« ®f 4 rapid initial iaer®ase is tempera-tar® 
wMefc gmdnallf slmcfesnsd and to flattaa out &t «bo«t 40® ms 
obserwd*. fhis t@i^®iutar« Is approximtely tl» therml d,®ath point ©f 
til© yowsf: f®nalmtlB.g fltoats, Thm stib®©qtt@Btly & sm&mA rim %o stbofut 
68® oeeurred. Coha &ttritet©4 th© firirt; ht&t rls® t© r®sflrikl» ,|r0» 
e©0«ea aad th® ««emi t« tl» -rtt*! wm9m&» of feh«ni©g«ii'le orgmi®as» 
B@' also Agpcrgtllgg ftmleftttts, clftisiag it to be th# ai©»t 
aetiw mgmim. M the |ii,«oa«aai obs«r*e4, I® went ob t© p'sw omela-
slmXf the^ tf tli« uleroorgasisMf wer® ^»tro|«4, th® t«p©ratiir# ©f th» 
anilt m-mr p*ocs®ds tli® firgfc Pi»« of 40°, mlmm r©iaoe«lat®€ 
wltli «rgmai«s frm «Hgt©rili«®<S ftes t© Oolm ,«asfc g© 
ereilt for fiaillj ©xflo^ng a«a@rou.8 errm®o«® theories tli&t Im4 
!»©« built ap mmnd. th® heating of plait khmt th@ mim tim 
BehfBnu (i) isolstt®4 trem ls©p® a. bacillas and lat®r tl» liaat-
ittg of bops asfi p*ij^ucjbioa af ferlMtliflaali» to this slsilar 
orgaaisKs* flie mim matimr alao related th® fsrwaatatioa of Sersaa 
tolss-eeo t© l».«tsrla.l a©tiiri%-» (g) 
&rly lis the 1»8n*bl#tii esEtary; tills pro"bl€« ms ®8tabli»l»4 »b 
a sajEi®r aei€»tifle Mai®, aad «xfc®iisiT« immstigmtlens v»re reported 
0B may iiffarej# pl&sfc mtsrials* fl» oplsioas ®xfr®gs®d as to th® 
eaas®'ef ttie ph«i®MS(» of Isst «¥0l«tloa began t® divid« matm ©r l©s# 
almwly al«ig lla»s, ios® »rk®r© following (16) (16)» wi» 
stadi«4 tebae©© f«ra«s1atloa, fe®ll»T©4 tlmt tli# femting ms dw#, 
largely te th® aetl-rlty ef ©xldati-w# pi«it mzfrnmrn* Oth«r« held 
*»• 0 
that faioreargaaisae w®r® respoasilji® for the mogffliesis. It 
is aot propom4 be rmvlem l»r© tii# iaTestlgaticsas dealing Mtli t}» thcim©-
g#Bl0 pm&r ©f plaat ©ngya®®, sine® it Ims h»&& mnelvm-mlj dea©B.strat#i 
tlst vigorous l»at 0-mlntlmi my oemr in mt^rlais ia mhi&h sagjiae® h&m 
bfisa imetimtiei., 
lu-di. of th® slgaiflcaiA work on sierobiftl th«raof,«i©8ls has "be^n 
carried ©ut on Imy, In 1906 Ihtggeli ( 6 ) B«mpl®d. isaystaekB aad isa.4« 
total eoumts of Imsteria fpoa the sa«pl@s. H# r©p0rfc«A th© pre#©n6© et 
se-fBiml tyfes ©f orgasiss® la heating Imy «ad o@aclad«wd tJmt sieroergatt-
i«m ar« respsasilil# fer tto gpeBt®.j»o^as teefciag of Imy up to fO®» H® 
also said t&at m tfe© @f ft® Mating l»y r&m diff»r®2fc 
gro-ups o-f »i©roorgaaisM ia t«r® Wmm 
I%r}»ps the ii©  ^ »tfeeritg,tIw -voic# is this fisld 1« %l»t li®h® 
of tim OalwrsSty of L®ipg% who fwhllah-ed in liOf a ®BaH book ©stitlod 
*fh» Spoatausoas leatiEg of (if). % a gm4mt»<l ©f 
wlr« ohaA®r6, tl>« imi«piao^ to ecailsain tli« test laafcetrial imd tfe© others 
aromi it t© s0Btiiialna.tios and. t© f-araiA inawlatio®# % his 
©arli®* mrk c®E©®ra»4 hl«s®y th@ thsBasphille 
sl®roorg«i.l®®s is th® sfoatajjeoms «f i»y# Ills geaoml 
eoaelxisioBS J, aot iiEsiailar to tin©®® of CoM* 
1* Materials saA a.® iae«ipl®t®ly dried gr&m wlmn pll@4 ia tag# 
0 heaps prsjljo« -mA r®a,«li % tKap^^atur® af i^ prosiaat#ly 40 * 
2* At 40® r©spimti<m m&B»M aad tla©f»philie orgmlsiaa mrry os, 
raising the temi^ ar&tjir® to &i^ -ro*3*t«ly 7§®', 
S, If th» plrat tlasa®« »r® already iaad het&cm piling, ffii«Poorpua« 
isss »r-« rsspensibl# for the #iol® p*®e#a0« 
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ms w-iaocalat©  ^ sleroorganlai®. 
At the s«# tiffi® JmmM (15) reported the wa« of aa ap^«tiis fe« 
had Metises to 8ta%- microbial ther»og®tt®sis. The ap'fa.mt!u® ma d©siga«i 
to glTO nor® isstilatioa, ttes tslsialtirsg !wat l©g®#» froa tlis ferasattef 
mterial aad &lm aeifclag i>o«sibl@ Him aeration of the test sutbstanees 
•wl%h any gas issirM-, %ittg this apparatus James, l#ttg8r, aai fhjm (M) 
®rxt«iid6d. %his stisdies- of jaicrobMl th®r»g®a®sis to flmt m.%eri&Tm oth@p 
tM» Mf, l*iag mm i»al., absw fiO° w«ro fr®-
^®Hfely &.©terial «awsimti©aa sad© at differeat sfcag®® la 
the tieittiag sfeowai « deflait© iacm&s# ia tli@ stiial^ rg of "baefcerla isliich 
O 0 grm- at 80 &s will ss ia iai0a® whleh de-fslopei 'b®8t «fc 80 . 1-oMs als® 
app9ai»®4 is tlie f}» d&tut indicated thm iaportart; »1» ttiat 
Bileroorgimisws play in th« i»atlag of pMnt 
la 19S0 tlir«« lsT©sttf.g,tor« -weifciaf ind«p«i^eiHtly 4«ta 
sp«®ifi<mlly Inrolvimg Hi© tii«rr.ag«aie prof»rti©» of faagi oe plant 
aaterifids* fh® i^pws «»re pclsllrtiel by lishe ta Sesrsaay, Soman in 
laglaed, aad fiilmn Barrori In tt» IfeltM Stst«®« l&oh oir® prMumd 
eonclwsiTe sfidetee tlat amiy ftmgl ar# &M© to mlefim sufficient he«fe 
Marlcedly to ml®© tk® •t»ap«ra.ti» sf the tafestrat® «poii wMeh thsy ar® 
growing, 
(1$) ia so-m mrotully mBtr0ll&4 Bxpmrimmts mm Able t« 
©statolisfe firmly th® rol® ®f biefeh ftiagi m€ baetertit ia tli® I^es-tiag of 
hay material » 
Wormm (W) stadied tii© tl»m©g«io powers of -sertmla fnngi in pw# 
eulinre m4 ia eartaia pr^«t»r®ia«i ^aljluatioa®., msiag straw ms a stifc-
strat#*- 1® sh-w^i t&at the a«go©iatio5a of ©rgaslMS m® either e«op©r-
- 11 -
sti-WB or cospatitiv® in therntogenlc passer,. Em also d&aongtrateA tlmt th» 
©volution «f earboE dloxM© closely parallelM the prod«etion of lieat 
aid that tfm smximm prod'ttetloa of hs^ ge«w€ to esarespsnd *lt!i that 
ef rapid loss of Ismieellalos®, 
fhe CCTiclusioiis of Silaan aad fcrroa (8) &r® largely la a®ajrd with 
thos® of ?l»g© -Ksrkers shami. tlmt the risteg teaperatMras ta 
iBOist grain wtrs dm® to the aetivity ctf fljagi tlmt oaly & s».ll 
aaiduat «f li®at ms 4«Teloi»d by tlie g»mia»t ioB ©f the grain aloa#.,-, 
fimy »n0laii#€ tlmt ftiagi werm aeti-w© in prodaeiag hoat wh©ii grmn oa 
Kolst gr&ia asd that by fsr th© grmter «onrt of teat in storeii 
gmta was dw to t!i» aetiTity of microorgmlssa,. 
la a furth®!* of tb«»aogmle Osskill mA §il*a (7) 
istfiestlgated tli« InflaesiQ® of ftrm kisds of nitrogen, on heat 
oiroltttiea % ftmr different sp®«les of faiigl* M4iti<ias of aspa»&gin©, 
•ajaaoiiiiaa eiil#rM®, eslcias ai®ioni<iffi stilplAt© sad. assRoaitm 
phosphat© all stlmilatM eultiire® of Asp^Jrglllus f la vug ^  AspBrglllm 
terr#u0 mi FBni-eillimt omliema with regps-et t« th0rm"et»sis aad logs 
ill drj 1b t!i0 m.B0 of gitgopgs trltlet all the tsrm of nltrogea 
inere&ssd tl»r2iog#a©sis tlie ©sceptios of the altrmt® Imd m 
inliibitiiig AMitioas of &Mp&ngM0 imr@ fptmcl to be tlm ir«s% 
itt all cas#®.-
Isaesako sasd 'laiasTsSsJft (It) reported ®o.» wetk m thm spontwsoa# 
heatlEf of pMt fottad 1.5 SMsla,#: th«y wneladed tlmt "tte spoatssaons 
lieatliig of jpeat is a biogeulo proess# ia Aieli mrioas aicrftorgaRisas 
(•imetii'rl&., fasgi,, aeti»«af^©#t»® mi yeast) take part,, different grogps 
being prsdomimt# is clifferent lay#r8» 
.4 rmlsw ©f tim lit®r6taar® r#f»als that maA rmmim to be learaM 
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th® later, so tl»t as tha air bubbles up tfiraagh th# t«»©r it fe@eo»s®s 
saturated, lubber tnhing e«m®eted to tli® top sf tli© -twer leads th® 
•air to tha calorimet#!' from Aich it passes t® a earbon dloxl4« absorp­
tion tower mrtiMinitig stsn<i«rd !l&®* tliis ajstem provl<i®4 for regalat«d 
fttemtioa of th# fsmeatlng aftte-rild, wllfc i» less or gain of heat ttd also 
for th« d-etersinat loa of ear^E dJ. oxii® prod««@d fcy the f0rj»ent&tioa. 
fo mistaia aatoaafcieAllj th# tmaimmtw® cf tlie bAth t}® 
that of the fara^ntiag material^, a eoatrolliag empleylag two 
ti?o»jas©tioB th&'-m&pllm is me€m 0s# ^armopile is fasfe^aa#?! into th® 
tmrsmnt&Mon jar as i@©«ril3«d.» wwl %li» othsr is a3sp®iii«d ia 
the mter Mth, fh® tsc thonsepiles ar'« mtsmi^mA directly to. the poles 
of & L©®.ds amd Sorthriip fj/p® F *11 gm.hmn&mt»r  ^ (Pigta-® Z )•. A br%ltt 
beam of licfet Is fseiised on iml%mi0wmtnr lalrrer ia s«A & rmnmr 
• i^#a til# anil fe-raeritiag ar« at tto@ .»®.# 'b«a|»ratiir« t,^  
.gftlmuoiteter slrrsr rsflsofca tiie light ©at© the »#etiea ©f 
pB0to«#l«ctriQ G«H# fh® p!iQto»el08tris ©®ll is la.tura oaiaieeted to «t 
rslay 09at.»ls t!i# limterg in the thus the 
In the' flask rises @'mn sli^itly aiw@ ttifct of tli® featlt, the galweossetor 
alrror-' go tlmt tM light e?o» te liir'Wi}. o£f the phofc.©* 
©laetrle e»ll.. fill.® elowe ttw .r«.l«,y aa€ switcli.®3 on the sMetrlc h©at«r8 
uatii th# bath SKid flask are onee aore th# «a.a® this 8ygt«« 
of coatrol pro-re^ to hm s^asitii?® enough t© ©aaa® th@ r«l«ty to switefe 
til© hmtara oa a.i^  ©ff sswimi tl»# a. mlnat® wli«a feat ©TOlutloa was-
rapM., so tlmt n© aUTfermo#® tho fl&A «Bid th© batk 
eoald oriiiMrilj t>® .dateefcei, 
Cop^r*«c0iistsfi%aii th&rsmQouptes, a Le#ds and florthrup. pH potentioa®t©r 
Fi$.» I*. ilagraa fw the msmnrisg, sp^mttis. 
i, «• a fartatjlB la tti© stttdari esll 
eircuit, 
f.g. a mil fal-sm^stor as@4 i» teapiratar® moasmr«i®a.%» 
(Leeds and lorthrup fyf# P). 
Sj • ft ineroury well 
S2 - & dr;ubl©-pol© doubl«-«4:tii^  kaifs swi%A. 
«I <» a cold jtinction. 
•Tj Tg - cop'^ r-ooxistaat«a ti»r»oeo«pl#8» 
fpj ftttd Tpg » eefp«r-»astsB%a& Jaoottoa). 
r •«> a 1000 eim r®®ia%ane»» 
Fig* 2"» Dl&grsa of aiiab^tle ealeriaettr for »ttt4y of th.mrwsogmmm±s 
plaat saterial.. 
• a T/all galvar;SEieter t^sd in control 
eircuifc# (Le®d® and ^^orthrup ffp» P)« 
f J aad tg • tferseeoupl##* 
ittii ffg « '(tro Janctl©!!}.. 
» 19 -
5+d.CelI 
Ba. 
Eesis+ance 
Box 
Po+eri+iome+er 
) 2) 1 
Lamp 
To 
Po+en+iomc+cr 
Circuit Pho+oelec+ric 
Cell 
Ee'ay 
o o 
Tz Tpz T, Tp 
Fermen+ation 
Vesse1 
Air 
We+ Bead Tower 
• 20 • 
ftiid a Ls©ds md ^^ortferup Type f galmnometer ar® useA ia mining th® 
tojijperatur® mmsummiAMf (fi'jim 1}, fhm aie«.8«ri»g %'gt«ia is mlf 
ihr&tfiS sgaiast -an aeeurat# tb&mmmt&r mi R detelltd curTO cimwii fa* 
til® d©«ir©d teiaperstture rmg® so that potftatloaeter readings ©an. be -
eenvsrtci dir#etly is^to .a«gr®®s eenfcigrate,. ftie tteraoooapl® s ar@- eoa«-
«:tr«et®4 frtai ^ gawg® «ofpar «ji4 ooBslaataE wtr« &mi are plaosd ia 
glass tubes with, «, thin glass telb bloita m os© m4* The jimotion Is 
puA&d dmn lato the glass bulfe «i secured tlj»r@ by aeam of smlimg 
w&x .^ Two staeh t.h«raoco pl»s ar© tj«©A, one is tJi® water bath &a4 th© 
otiier in tl© fsmeatation to that «ii« a r«din|; Is tsk»K the 
bmtli temperatar® c«i also a«esrtttia«4» 
8» R-oee<la:r« 
The pTOoeda'# in asing tim mlovimt&r was a® folltarei fbe f®r* 
MiifeatisE was started at a teaperatar© te aeifhborliood af ^6". 
Forty gra-B® €f eut eat straw ms issis%®B«»d as b®for» witb. water ©oe-
taisiag 1*,S gras}® ©f mmmxlim sitmt#* lo iaoetilati oa was ordisarily 
:amci«» ani®ss tl» straw 1*4 l>«ea glwa a sl»i«a,l frstreatss-at* 
file Ma ms .s«sl®4 tlglitly «i3 a®ratidB «!oas}0me4 at b. rat® Aieli 
was approximtely 16 li bars per -dayk fh® eirsait esiitrolliag fcfe® 
lis@at®rs ws switdieA -m tl» sfcraw ia tli® f-wiasxttatt ea T@ssel Imd 
00m iate efuilibrltm *ltlj ''tai© mt©r §Qtm li»t was generated %• 
the setor iriTiuf th© m&t^r agand ttila. i» tlie first fc* hsurs 
w&s ta.l«c-©i % cireafctiag ii sl<w •fertaitt ©f »14. iw.-fc«r throngh the cell 
arouM the M th« -pr^eeeissA, readiaga. 
mnrm sad© &t lutermls* fl» »rboii dioxide e-volvmd and earri.«4 
- 11 
eiit is the air stroasa was absorbed in stan.da.1  ^ llaGH its. a. fmog 
and deter:alii®<i at tlw smnm iBtormls* la tfee rt, of raaxi.r.U" Ij^ at 
cTolution lictirly rumdixigs %?ere not too fr©5a#s%* W'wn tb© taspera-'lsr# 
had- ceased to rise or is sose emss-s tM ;lrier®?f»ats .per hour 
were small, tM fsraeiitat'oi? v&mel was mmvM from, t-li® Imth s.nd ttm 
less of dry jaatter -aseertainei hj weightJie wet residue ani deter* 
miatog its «o.isttjre •content is la ssae cases plate «oi»ts 
ware mde of liaeterift. in the vmt resi&i#« the 'Jll-tios asaally pl»t-«4 
ftt til® eai of a. naa wn.s 1*20,000 expressed on the wit r«gld-a«» fi» 
fi,|:ar«8 were lateT to th® iry 
B. Vrmlimttmtj tn W0m.v 
l»e»iib iaTO8M^t©w i» this fi@M liaw alasife iamri&bly: md# «-ss 
••of Bwsr mea»a. fla-sfct mm for ttj» fl«tt *t«rial, .i«e-e»po-
slt,iiai «f wM#s i« A©««piiilei fey the ©f lieat, S»» Mw 
a,M«d aidltio-a&l instiltlo.a,. «©» iaa®r»#i JPla*k« la 
t®apeys.fear» wfc®.r fcatli.#,,, ant ^hs-r® M*« m Rttaapt lesBtrol tim 
si-^rrsusaii n-g #<w Imw m4s .pro-visloa f«r fofitliw a#i*ati©.a 
by Air -or ©.^ge»,- «4 otteJ?® .«i Mtfnnim tferoa^ « e«>t;toa 
plmg* Tbes# mri^ ioss la feat© sabstiaittftlly 
tuflttSBoed th® results, parti ©u^rly ta m the m^ximm 
tempe»tt»© in r®ach4i^ the p«m,k ^ tli# 
t«ap«r*bi» la #r4»r to th« .r«.l&tiirs laporfeattc® of 
©artalB of tli©®a ftstor# «ai ^  hmm a Mais #f e©a|«.rl«oii 'bet»«» ili® 
mswlts ta- aa.A a mmum th^e la tl» apptmtus Jn-tt 
4®»0ri1»i, a, torg# awab@r ®f p-eltainsry «perl»@ats w«r® earri»i owt 
- 22 -
111 Dsmr flasks m. the aaasi 8«festr&1», ©at stwwr. 
First & mmSmr et ©s^wlswats wor» *4# to corner# aetliods 
of ftoration, f}» 'Strm ms »#rat#d %• aspiTafeor"®,. * o©»p-pes®ed air lla®, 
s«:otioa puisps, aM statural diffusion tlir©w#i ootten pl«g.s» lates mry* 
lag ttp»wds irm. t»o lltars f@r i«y mm ttsoA, «id iat»mitt©at asA 
coatiaaetis aemtioa w&te It ms tkmt satwal diffsasioa 
tlirough & ©©fctsB plag gave r«siilts &.s aatlsfaetory as any at her »tho4 
•sltli l«e8 likelihood lis&t less. Whm mrMn itoxli# istersiiaa I^ons 
w»re- r«f«lr©ii, sir- was tl^ly f«»e»A liirmgli tii»' fl&sk ft<m a eoafr#ss#4 
air li» wsiag a aic-roml-vt* 
fl» general p*oee«ii»r« ©.ansistei of aoisfewiing 40 graas of air 
oat straw 'etjt into shcrt la «.a ®ii®ilag» catt®r *itli 110 al,. ®f 
mt«r ©sntaiali^  1»S graas ef asmoaiiM aitrat®, fMr &»iaat of aitrogiia 
(Imm thmn 1 g¥m of att-regett pr !<»• gi®a# of S'triwJ l« mom th»a- SMf-
ficimt to ®(»t %h® aitr©f«i ii«84» rf m mr^hla popmlaM-oci, IwltMlBf 
fungi, so that la«ffiei®sef ef «ltr©g»tt o«,aot b® .a f«i®tsr lialtiag 
the rst« 400©ap©siti0ii.» 
"Tlie stmw w^m to a ft*rt -mmma. ttd a 
themoeoupl® tlirough a cotton plmg» flss  ^ flask ms tfe«i imw-s@<l 
la a coastesfc t®.af@r t^tr® mt®r l»th «d t@ap®mtvr« raadiag« w®r« 
tatoa at Interm^- fey tii® aetliod sa-tcw -i in Figtir® 1. typieal of 
siiA »s|»©rlm©ttt8 sr® ^reu la Flgiir® $ . fh® aaxtoia tgaperatiir® re&ehai 
0 0 la tlisse thr@# flasks ranged fi©a 4i to 68 te tia®« wmryimg fmm 80 to 
66 hoars^. Is aaeb ©ase %lm mmafc ftf €»©eiftf©rf.tio» m# a^reeSabl#, 
12',S per ©•»% to 13»S pw ©ert of tti© ^Tf wtgiit teisg fhe fe&k 
att-aiR«d mrieA soia^mt is diff«r«st «xp@ri®axts Mth tim 
Pif, !• f®apra%ir # tmm %km» simtlsr fera«at%ti«» l» 
Dewar ttmmks.» 
Ftg. 4* Tteif«r^^ur« COg m%m «f .l*at ®voltit4oa mA 
rat« nf COg •V0l?iti«s irm m etfsw ferwatatiftii ta 'Bmrnv 
TEMPERATURE t RATE OF HEAT EVOLUTION PEE HOUR 
X 
0 
c 
ro 
w 
GMS, COg EVOLVED 4 BATE PEE HOUR IN MGMS, 
ti-:mpkeaitjic;e ('c) 
ro 0) '^ 1 (J1 01 t" 
•- 2S • 
saw substrates but ueaally waa imtwma 41® mnAA@^.» Ttmperatures OTsr 
SO® or HQt ©seeedlsg 40® @®0«rre€ o^easiomlly, Ives in th® »mmm ®x^r-
lasift, flasks s#t up id@atic&Uy 4tff«r#4 la this naamsr mmd alto is th® 
tl» talc® to reach tie p ak. 
It seess e©rt«lB tbut rmmlts, ^ m oh mix®d flora dseostposlfcioas ar@ 
imt »l5sol-ufc©l|' rep*©d«-6ll>l«, Tim 'h&imm- betweeii sctlT# orgaaism® 1h 
the populatim jitts*: hm dallmt# and easily <1 ®tiirb@d» Fortlierisor®, it is 
dlffiaalt to 4is,sar@ ttslfora paeking, liammrmrf, Mm re-ailts in i;:eii®ral 
r®se®M« f&lrlj eloseiy* those <£ fci©8 IM), Oilsaa and Mrrm (S), aaii 
lor»an, (li), 
fk& rmsge of t©Btparatur® is appro*imsfc«ly fche sa» ss reported  ^
iormn (IS) far ©at stratw, la «»mprlag fct»se« rsmlts with th&m of th® 
Mtter mthmg, ob® oi^ staadiBf iittmroim is fhm pmk tmfsra.-
t«reg r©©®r4«d lorawo (19) a a&taral mi*@€ flo« wej« sot 
until tlie slxfeh or seTaath iay, siailar temp@r«%ti» 
was r«a<ij®d in tiiss® ©x;p«piMits ia fi*©® S6 to 4S hoars., fhig disparity 
is esnsiiered %© 'be dtoe to ttj® fa^ tfcftt the flasks in loraaa»s esper-^ 
issats w®r# iiiitiall-y at a. tasperetire al«mys ^(*11 hslm 10® (usaally 
&b0«t 17®)., ia tkeso «xporiai8H%g- thm initial wae in 
th® rsgioti ^ .8S®. S0iim» flS) also r#port.s fisiiag a hmvy growth of 
fuBgal s^8®liwffi, oa tine smbstrat® after t!i« heat hai r«iei304 tlxe peak and 
r®e©i.«4f this ©b.s«r'mtic», in faet, «u®©d "hia to iiiirestigate th® 
%=0fciTity Of soiwml ©osiaoa ^agl, ri» residttal straw Sa. 
th« wcrk described tor® r&rmlf Aiwei any obTiotjgs. ••»i4®a6# of sfcelia® 
whTO r®aeT«d fr«i tiie f fhig will b# 4ise«s»«d l&t®r la 
®or« i#tail. 
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Fif» S» 'Ciw^ss showing ei*iag«fi i» f®fffl»atatlsii« of 
untreated aM tot ©•§ f»r o«i% 0-.5 p«r ««t 
mm* and 3#0 psr .e#iit lfS% straws* 
flasks). 
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47 
43 
39 
Un+rea+ed Straw 
37 
^^^Wa+er Ex+rac+ed 
33 
jj-NaOH Ex.+rac+ed 
29 
0.5% hss04 ex+roc+ed .^ 
^7 
3.0% HeS04 Exi'r<3c+e< 
25 
SO o lOO 
Houes 
•» §0 
S3.1®, II..E® aM 2S.»0®,. r@si»etii»ly. It will b® mmm tlmt th® hmt 
0mrm@ ©£ the h®t water tre«t»4 straw and th® IsOT treated straw 
re®@sM« #aefe pttmr in tlmt tm- t^pwetare peaks mm elssrly etidsiifc# 
Ih© few© a.eM. trmtaentg eaeh othsr ia that in both mses 
th® beat gratmlly rises to a singl® peak sM tli«a slewly falls* ffe,® 
S per e®i# trefttsffint to imrm r«moir«4 th« grmtmr part at 
the plant ©.oastlttt«iits readily amilafele t© the haat prodaeiag ergaa-
isss, b»caus9 tli® terspw'attir© rmm-imA st^iomfy &r alia^st 100 hmrs 
aM tl»a only mam a.pprsxiaat«ly tWa® i®gr®0a» CenpLrlEg tfe© hmt 
cairf© ebtaised fro® tim «atr®at@i gfcjfsw with tMett ©f tt® hot wat«r 
treated straw, it ts s®®r thmt ©•»» tt»® lis®fc water tr#at»st dra,stle«lly 
r®iiic®4 hsat «wl\itloa» fit® Mot mt«r tm&timnt protoably did mm* 
pl&tmlf mmm-0 all t1a» water mlnhlm mnu^itmntn, Anm th» stmw ms 
not fisely di*'ld«4, TMs l«3*4s to tl* csnelasl« tWb rmpld thwao-
g®B®sis sMsb da® ta ft ^ rg# ieg»« to the f©r««atati©s of reail ly 
mmilftljl© water solsbto wastiti»«sfc.s. in th# atr®*, 
ffe® tr^ssl straws w@r» «ialy«0d for fttrfwftl4®hyd«,, mllulom 
aai liguiffl in mx effort to study the effect® of iSi® treataeBts «a 
sttbatr&t®,. fhil remits are 4isca»s#d ia a l8.t«r seetioa,. 
C., l*p»rSj»at« la Mi&bafcl© Ap^ra-t-as 
1. late of hm.t s-roltitleaB 
A mmheir «jf ©xprlaeats usisf -yi# J«st degerilw# wr® 
earrletf ou%, Figi^« 6 asd f«M« I sh» th® reailt® -of a tjpica.1 fenaen-
tatiori dmring Mticit honrlj t0mfM*'».t»r® r@«,ite£S mid" mrbcti dloxid® 
detamiaatioas -wmm amd®. Qtl»r siwilmr e'jrprija©Hfe8 w#'M carried out 
ill wliieh the teBp©rat«r® mA emhon dioxit© data. w©.r@ 4«t©r,®iBe4 l©«0 
Pig, ®:* Aming miM-tim «teigee, rat# ©f 
'Mmi ma& »t«t of car%« ii«xl^ «T«lt*fclos ia a «triiw 
apparaitw)-* 
TEMPEEATUEE AND EATE OF HEAT EVOLUTION PER HOUR 
0 
0 
0 
0 
CP 
o 0 o 
RATE OF COg EVOLUTION IN MGMS. PEE HOUR 
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fr#iiu©afely, aler^org^iiaa r&«p&mihl@ tat th# •©•rslntlmi ®f 
w#3» tJios# «f tkm mi»d fl©» aaturally ft-s^'0i»'ts®4 i&'&i the straw# 
fsfel# 1 
tenp^»r&%nm rmdiap, «ni4 ®arl»3a dloxli» 
frsfs stww is sfcilamtl-o ap r^mta# 
fi t 'i It ffii# Si I- Carb« 
!i0«r« i. mgrem» t dloxMtt f I. hows .| fi#gr®@# • t dioxM«, 
tesafcigmd# t per 11 t ^s., per 
hour It !• t how 
9 2S,e 2S ma 67.7 
1, 2S*8 2-6 m,f S5,2 • 
I A 27- m.A SII.O 
5 25.8 2« §6,2 45..»6 
i 2S.8 29 56.1 44...t 
8 25,8 l.S m' 57.1 60,0 
6 25.8 2.1 51 58.6 S.2.5 
7 25.8 2.1 Si 60, g 71.S 
8 26,0 3,5 SS •SI..J S8.,4 
f 6.9 84 m.,Q 7?,4 
10 27 ,8. 12.4 S» G4.2 80.8 
11 2&.4 24.2 a« CS.g 73.2 
It S1.6 44.9 87 66.2 • 3.9 
IS M*S 69.8 »S 66..S 62.2 
14 S7a 96,0 as fT.I f'S.6 
IS #0.0 m,f m 68.0 S2,S' 
m €2»6 91,2 u 68.e 17 44.8 106.7 4t f38,8 SS.f IB 4S.4 102, S 48 69.1 S6.0 19 48.0 103,9 44 69.4 27.6 
m 49.2 37,4 4S €9.8 28.3 
n 50.5 85.7 €6 G9.8 1G.6 
n Sl,7 94.7 47 eo.e 10 #0 2$ §2.1 79.5 48 69.e 11.7 
24 S0V6 7S.0 t» . • f)9.9 1*4 
pgr mmt toesspesltssm 2*6 
A iin&l tmpt-TftteF® 0f 0S,8® Wftg attalaed ia'tfc® f@ramfeati<a 
wsssl in tk© airpriaiafly giiort tia© ©f f<rtffoar towrs. flw 
•*. 54 * 
twapsratw# mrm ftrst sight apf«r« t© eduaist of two flattwisi 
»i^Qid eurre#, mm smeeeliag tl» %• flstfeiug t!i# tm&ptwmMm 
r«aiing8 l&f«rit|}ffil«ally,, hewawr, it was i®t®riBii»4l that fc:ii® ettrws ar# 
Bst tretty sl.g»®44» Wmm Wm »t# ©f keat p-eiactloa is plotted In 
lidTirly lacr«®®sts», tl» mrm obtataed gi-ws aaaefe aer« iafefaatioa* fw» 
cl-istla«sfe w.xl«fc ia mt# of ea# at i©®* aM aa®tii®r 
at 60,.2°.» rtil® suggests that a aessfliillo pepttlfttioa. «f be re^eamtbl® 
tm tli» first teapemtw® w%© pmt,. ffe« as tli# t«p»r«.tiir« ris«s 
farttjer p«.s% tl» Qg%is«a ?«r this g-roupj, th© feecoia® fr®gr®®» 
siwly less aetifs with tlis r«»lt that tis® mtm of aai oarboa 
•aiusm# e'wAxitim.. wmtmrl&Hj immmms muA r*eb®s * Im- polat mt 
*pproxi«'fc#ly &M-m this fsiat a tlwrmofhilie, populattoji i» 
with tim result a s«ectt4 mmimtm rats ©f heat efolatioa 
Is r«oti«i at *ft®r aetltity tfe» ©rgaalsma d®ellafi:«„ 
beeoffiiag alasat »il «t fhm ra&iIts slw few el^gely ©«rb®i 
cii0si«i# proclietioa is' »lat©4 "to kmk ia a frnnmnt&tlm, ©f 
ttits klM* flie mrm for mts «f dlo®;ii» sirolutloa is sligfetly 
•-e infi tl» ra.%0 car-w, »© "beeaws® tte earbos dioxii# 
Is s««t% eat of th# f®ra®«tatl®a AsaSber tm% slowly, Mla©r irr»:^lar*» 
ittes ar® aotlemtjl# la tli« earfe® mt« mrwm &uA this is 
es.aellared fclso t« b® 4i« to th« »l<w ri.%® of A#ratios «a4 lacasplst® 
flusM^ of tl» f#w®atftfcifta toss«1 ia mj mm iatortal b®t»®©a rendlags. 
Ia ®m0 ess#* th@ exp ri^its »»re sii«€®Htiii«©i at teiaparm-iajrea ia 
th© neigbhmhoM 7§® not ijftesm® lad mmp%»t9ly m&m4 
tat l}&oau«# th» rat® ©f lieA ia©r«a,»# i»i immm mrf slow mA 1b«ea«s® 
it *»« tsid»slr«fei@ t© mlttts-ia tk© mM *dm.% tes|>®r®.ia r® fer « 
- S6 • 
loaf ti«i» fli© fiml teaperafeir® is aot th«er@for# mmnmrily th» 
absolttt® sRsisas that siflit Mir® fceeii Also th®r© ®&j possibly 
be s0®e diff^renees in® t© mriablllfey of tlj© orgaalras present ia & 
six#i flora, 
Tho agio?j»t of <i©«0®positieE ooeiirrM ia these 
ra.3?j;_'ed. frem 5,2 p®r c®i^ ts 1,1 p.r ««!*,, Is fem«ntatie« r«eerds4 
iti Pi<;'4r« 6, l©ss of orgmnic'wteFi&l was 8.6 per e®i^. fhes# figuras 
shw that d»eo®}ps8itioa is aot sxteasiv© mS. that <aly a pertioa 
of tfea tdbal plaat ©smttitasBts is is A.tt&i»ln|; tliiS' hi^ t®»-
l>«ratyr«, fh» aastiat fwwnted Is aabstawtisHy less ^aa is t>0mr 
flask S3^ri»@a%»» 
la thl» MtiAj it la ela&rly that aeti^ity of tli® 
pspialatlsa ©Msing i#«espositlQn, 1# srelatiwly low *11® tIso t®ffipey®.t»r# 
Is ®0*ri»g f«}« ths mm&fhilio If bo li»at lo«es &t this 
poiiit,. th# themopfeilie orpnisms so?® b©©®!® de»ia«it aad » seeoud peftk 
©f ae%i^^y ts r«a«5feo4 at 60®, It »eewi rsasoaable t© 
mmpvet thrt is eritleal SO® th® b@iag |a*©d«o»t 
is less than the Iss# trm tti® Wmwm' fl®sk« us«i la the {relialimi^ 
work with tim result tMt tl» theriaofliille orgsmlmm mtmr h&i tiai 
opportaaitf to iswlsp, frea tl» eo^linf, ewr« of &m^ of tb,® Beear 
flagfcs «sed In the p'ellaiaa.ry gt«iies» it wa.§ calc«lat®«l -^at th® flask 
l^efc a;ppro*l»t®ly 6g ealort@§ per iio»* ett 6E®„ t^ieh wa® tfe® polat 
wliars til® heat ®*oliifeloa rafe® ms low®§t In tgrplcal ©x^|M*iiwn% girea. 
in Figure S, At Mu®e foimt, tli# feraej^atioE la the e&loriMster 
was eale«lat#i te b« prod«olag ealy Si»§ eal©rlts per hoar. On th® bmsis 
©f these es.le«Mtio»s ti» Be*ar flask woisM hm loslsg heat at a rat« 
- 36 • 
faster %hm th@ erg^Bisias tTolvad it, fhis b»iag. the eas®,, it is 
ofe'viottsly impos^S'bl® for tli®- f©n8e^ss.tioB -fes prseesi t© higher tgiaper-
^twm m.A bmm it s®<«s tlat the elm^ of tl» ettrw# $i:mn ia Figiir® 6 
Is oei^rolled^ bf tlie^ lasslatlag fmliti©s of th® flasks 
Sine# tl» mloTitsster did ti«t; Iss# «sy l»a%,. it Is poselbl# to 
e&louMt# ti» app*CkXiM.t® titaaber of eftlsrl-gg frod«o©4 in a f©ns«itstiiaa» 
In tht beginning a rmumi flask «s ia8®4 as th® farmeBts-
tl©a -T^sssl ant «ttaafts w&rm sm.dm RCCTa*&t#lj to f in4 ti» mter ©qiaim-
lemt ot the ires8#l aai Its thl« mm dome by gaa©rating 
©leotrieally a imesm mowi* of lieat in tli© oal©ria®t@r v#«®l eortfealatag 
a. ka^ara of wat»r» Sdsf^-wi*., wfe«a the toIu®® of water -was mrlei 
th.@ apprmt water st^pimleat ©f the. f®Ti*jtft%lcsj wseel also, 
fhis «aa dii-e las fae% that an iaer^sa or deersa®# in ttoIus© «tf w&ter ' 
altered the area df tti# mil spae» of ti» flai ^ich !i«t 
€tif«@-otty. As ther® was of b8tw«»R tlat part at 
the TOSS#! mtiortliig lw«t from thm mfcer Mth m4 tbat iafltiese#! 
diraetlj hj tlw ceateats «*• th* area of wstsaet bstwem tla« -wet straw 
aad tfc® wall, it im« impas-Blhls t© mrrlm at r satisfa.ctoi*y remilt. 
Partially to this diffieialty, s gtofl® mlled glass .jar was 
aai ®lB.e« it wag e«|3lefc«ly salawrged, it ms eoBSii-«'«4 t® 
be hmt-ed entirely by the festli. fl» jorti«i8 ef tl» ti»rm$eoupl«, 
th#r®opil# and asrstiing ^stas insid® th« ir®se®I »er# welgtod and their 
*at©r afiiiwleiifcs rnhimimM hy €»!©»&.tio®* 
fh© hmt s%ra*' m® d#t®rEis©i aa4 foaad to l>« 0*-Sf. % 
0al©alftfctstt tl» 6-^ r0xi*at® water ©f tt© gygt®tt ms 
ftii# larfchod is @p#:a t& erltieiw b®eatts® p.rts of -tii® f0rs.0iit«.ti« 
Tees#! 'itiiefe ar© In aetml ountact with tl* stra* my he li.e®.t#4 t# s©i« 
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f'^perature readixif^s and oarboti. dioxida evolution tr@m 
a^rw (tws T©«per«tare lowered fr« 
&S.50 to 36*80 aKd, from 7«,SC» to 52.9® 
f iS> #' f Carbon It tlao i 0«j%o:a 
Im I: s dioxli# in t dsj^rees «• 
hottr# # ®eatlg»4# t itgs* per tf hotirs t oofitifrai® t ags, p#P 
f t hov^ tt t t hoijj' 
0 27,8 48 47.8 68.3 
7 29.0 3.0 55 55.7 81.6 
§»5 32,4 64.4 6S.9 68,6 
11 S7.0 125.0 61 S7.9 92.6 IZ 41,8 190.0 64 70.0 S2.9 
u 46»0 ISO. 2 m 70.9 S».2 
is 49a ll&.O 69 71,9 68.9 
16 50.6 105.3 70 72.5 52.5 
18 5?i.5 t6«S 76 S2.9 24.0 
SS S6,8 71.'3 81 3?,, 9 29,4 
M 37,1 6S.T 01 SS»f isa 
SS Sf,4 52.0 96 M,f IS.S 
Sf S8,S 45.2 &t 56*2 1S,3 
m 40.5 44.5 105 36.1 17.t 
m 42.5 44.4 115 58,4 21,f 
m 4S*4 SS,0 120 S8.6 «•« 
fer ««3t deeeepasitlcia c,j 
ta J-irires f, 8 .«*€ frttss S, 1 ttoapSie-attag faet©!* ©at«r» lat® 
th-©## #;^«rlasttts ia that m tb# tmpemtmr# iu&mmm tk® actlw 
fl«j« lit sl-tspei* "he ateroflora ©©mists @f both 
»OR-sp«y#f®i«iag %»ot©.rl* as well mm ftogl* It Is appareefe that sa 
tit# tw^emture mbme>. SO® nmm of t&e a««-sf'«*efoMijig 
feaoterift &ai' ftaagl Mil %e i«s%:rof®i: the gforefswers 
will %© &bl«- t# starriTO. flia» if the 4» e^lmm4 t© rts® 
alMsw this tli0 •wtil ©:««ldsrfibly aetfifiM* In 
the appsr raiig© the eff#ot $» tli@ pofalstida Is virt«.*lly timi mi 
fl.g# lat®® af mnA C% frea stfmw C'^© a.«-e«ats),» 
tmmvi fmm ?2»8^ to El *7® «i frsa S§*# 
to 
Fig. S* 0f h«.t «;4 ©% ©'»«ltftl«a frsm a-ktm (tws »«««»%»)* 
lew»i firm 68*#® Si ..8® a»<l fr« Tt«S® 
t0 
Fig# t» fw^rfttw© OmAgme ftm »'^w wi-Bt aMltioB of hot w&imr ($,mm m lm%m& »ix tt»«* 
tempeeatuee. cc) 
jn 
CATE OF HEAT EVOLUTION PEE HOUE 
5. e s 6 s BATE OF HEAT EVOLUTIOW PEE HOUE 
o 
8 § g § 
BATCOFCOtCVOLUTl&N IN M6M3i PCS KXJE 
8 8 bate of co. evouxriom in msms. pee'houb 
s 
.restiags aM carbai <lloxM© «TOlati«n frm. 
•straw (two aseoats). ?«f@ratam lmmr9i. tmm 
n,@° to 21,7® m4 »&m 72^^ ise St.t®-. 
¥IM t f»»!)•• J dar^B f t f'A# * #• s Carbon-
in i d©gi*®#« » i-8 la «• degrees ,j- 410x14© 
ho i res t «gs..» f»r t i. liottra 1 cei-st if rEi4@t ffiga* 
t t 1i«r 41 t 1 hoar 
0 t7,4 8S 23,7 5,-8 
s 27.4 7..A 91 25,« 6,»8 
9 30.4 25,9 •tS^ t&,9 7,6 
11 Si.S 81.1 sa t7„l f.6 
Iti 40.-3 lf>2.0 103 2®,8 8,4 
16 4i.S 198.7 107 SO.2 ^ ll,-S 
IS 61,1 143.7 115 SS.l 11,S 
18 Bi.l 129,0 110 S«.2 SSfS 
• 3S 62-. I C5.0 Igg #S..2 4S.i 
2S it.6 72.0 127 Sl.S 46,7 
32 72.8 e4.6 i :<i 57,t 56,S 
m ISf SS,S 41,7 
4f 21 *7 6-6,4 S8,l 
B1 S2.4 f,f M4 6-S.4 SO,t 
S6 ti.s 7,1 igs 31,? 6.S 
€4 85.1 8,9 16^§ 11,7 2,1 
es 23 a 6,1 I7i S1.7 o.« 
?s 23 .S 3.1 1S7 SI,7 0,4 -
81 2S»f S,7 
Per ©«at 4@e€wp©«itiea •lO.t 
pasteariaatioB*. it is po«sib3® Siat -ehaages »o -sxtrwa© ©ould 
tafc« pl&&» la tk® ti»t tti# mffe&t ®f sabstrat® clianges 
mlskt astt ba g1 early appir#^* 
la ea» #x,p@.ri»«Bt {ftfar# T, f«%l» g) the t©sperai;ar« m« allowed 
to r««rti 53,6° aad thmm was l€w«r«i». % ©l^.er ®xprl««*t {Pigar® S, 
f&bl® S) ti»^ t#aiparat»r® was all«»d te .ris« to ft*i® before b®ittg 
l«f-®r©€, tfe@ f<ra®r eas# iawitieti tl» t«ap«*attir® was lewersd fr€» 
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fmhl» 4 
T#ia]p®ratar® m&MxigB m4. mmhm mehitlm from. 
straw -ttitli *4iitioa «!' Iiet mt®r 
extract memt-s) 
i» t d#fr@«i I (lioxM© it in « 4«f.r©»0 t dloxld# 
hows .1 ©«tifra#gj @g®» fer tt hairs t ©^fclgrai®.! *s» per 
i f liwjf *t , ,, , t , f. ^»o»r 
0 B€a igs gt,s 
? 16 »f »,s ISl s»,a 71,.« 
10 E9.7 m,4 137 S4.0 18,5 
11 5l,S m,6 159 34.4 14.0 
12 ss,,s it?.« 143 35.1 - 14*0 
13 40,S 1S#.8 Mi Sfi.2 M.S 
14 45,4 1G2.1 IM ?:8.8 IS.O 
16 S0,4 £76.4 im 40.6 t7.7 
M 5S.4 193.2 im- 42.0 8S.1 17 SS.S 143.4 1«E 44. S 31.1 
18 87.7 100.8 liS 47.4 SS,f 
El ©0'.9 &0.6 16S 50.8 41*2 
2€ 60 * 0' 113.9 170 S3.S 4f.8 
B« 2S.Q IS.S IfS SS.9 4® *8 
SB 28.0 IS.S ifi S8.0 
8f a8*.9 14.5 las 
40 Sl»S 15.2 184 SS*0 3*0 
4S 54 *J 1.9.7 185 ss..t 21, S 
#5 56*0 31*7 18'.' M.P. 19*t 
4f 41.§ ii*S 190 S6.1 18.2 
06 51*6 Ti*S 132 SG.9 • 16,1 
S8 8.S*t »*4 194 37.8 IT* 6 
61 S8*5 88. S 202 41,9 15.S 
61*0 94.5 207 45.2 lt*S 
6^ 6§..« 85.7 210 47.S 2.S.t 
"00 31 »8 21? »i SO.l g7,0 
f5 52*5 If .0 217 53,4 SS,S 
8t 3S*S ll»S fj<nf9 60,i 46*4 
91 S6.T I8*t 2Z1 fi6»0' 84,4 
§6 56^ *4 17»4 230 .gs»s 82,^ S 
9f s§.*.s St.i 225 Sl.t 1S.8 
106 4S.4 26»f 241 S?.,4, 11,1 
lot M*.S 6i»S a 50 56*8 g,i 
109 4?*1 55.*S 252 S'S,*8 16.1 
111 4i*7 61*8 256 S6.,S IS,I 
lis S2*7 . fB.9 269 St.4 14,f 
US ei.t no. 5 lei St,.8 1S*7 
m e5*.§ 82.1 tm 4®*S If.f 
m*§ 6S*8 7544 274 t£,i 15,7 
m 44 •" 
fmhM 4 (€mMo.m4.) 
f#jap«r®.ter# r©a<iiafs ^ mrhm dloxlA© «ir®ltttlea fro* 
straw with mMMien. of hob wmtmr 
»*fcraet as^wst.#) 
t f«sp» s ""^FSoii 11 !-• t d«r fea 
'in s €®p*»0# 1 dioxid® IS in * dtexldii 
fesups 1 WKtigraifti !!ig8« p®r it hmnm t ••eeattg r*d«t SigS. 
1 1 f 1 1 •1 ItOJJT 
277 4S.9 2?.2 S8? r57.9 18.9 279 44'»S 30.6 S46 40.0 IS.S 
2S3 46»6 27.S M8 42.4 21.8 
287 48 »0 S7.2 M9 42.6 nz*s 
200.6 49*4 32,S XSl 4.?.,7 2S,4 295 S2,€ 27.5 555 44.7 20»S 
3C€ 57.6 45.3 S5? 46 ,€ as*? 
66,1 360 ma fS.S 
?09 flS.O S3,0 S61 48,6 20, i 
311 t;G,,3 42..S SfO iS,» M.1 
S14 29.9 S73 S6,S S3. 5 
o22 58.6 »»? ?.?8 59.a S1...S 
S25 :<2.9 IS.f S&'S.S fia»4 ea .1 
S?,6 IS.O «6S €3.0 4f.S 
KJ t %f PS.7 16.9 K94 • •?7.8 44.7 
fsT -Gsnt 4®eoaposlti0a 12 
pertioa sf tb«f wtttr®sfc®4. straw «ialeli m® pat infc® tto tmmmteiiim 
v0B6ml, .&M t}» oal0ri«st#r'was stwt©4 ia th® mBaer)» 'Ihutt 
tl:» f®rmssfcatio» l«d ami lab 1» a asttljlo. .ajBOOTt cP hat mt#r s©l«l>l« 
last^rial. flie plan fsHas-sA was. t# tl»' tesfermtar® rls® te 
a. I> >r3Xiiiftt®ly f56^", tteea l««r It ®pfroxJ*tt»:ly 30® ami rmpmt this 
a.» Imig a« gignlflcaat teiapsratir® in«*®atsts be 
(tal}l« 4)* figsr® S e*#i ewrf® r®|r®®«s%a t«af®r«fcur® cbmgeB 
in mmah suemssi-m .tmp^rmturm ms-emt ^ tlii® Aftmr obteiu-' 
iai;- M9mm earwsp Wm f«rwi^tl«a was Msosflfeiatted ®,s tl» 
rafc® of hm% ©"rolatlon Imd th® Ijeestae wry siour, A laaxlmi® r«.t© ©f 
- • 
f»r %mr obtainM at 50>4® ia tfe® first jfea»® «i}i S8® was 
ia 14 bottrs* this p«ak mt# #f teat g'S'ol'utloa 1« pli@a©MEtally 
0 
slw!» th# aeml mxima is mff»roximt«ly -S,© .how- at the 
p0iafc«. is i4oals% ifeia is Ai» to tli«. sei«bls mterial &it®4 
{isiaoa-#trat0g the .pessifcilitl®# ot h@mM ewl-ati^oa #i-©a plsaty ©f amil-
•aM« -mmriy sapplt^d. By rm0ily daifeliag th© aawaat sf 'hot watar 
soliifel® mterl&l la tfe« s«fesfcr^« immm 'thaa twie® as mmj hm^ earms 
wr# ebtalaed as %n tl» ti». ptmim.u ©xpriseat# «siiig straw aloa®# 
Fi®i» f "Strnt «T®ry tliw ill® 1»s^r&tai»® was lewrei tl» straw 
took ]oi cr t© .rm©fe 6S® ©xssft is tik® ««• of e«Bfe®r S, r«filr©4 
slightly less ti» ti*.a a*i5«r» i bxA €»: tli® «xp ria^t »a. a total 
j^rtod of .S9i liotMPs «d th# #f 4«®0^®8ittMi mma 12»t per ©eat, 
eacludlaf tl» &m&4 W3^«r A of 1&»7S grmm €*r 
earbsis iloxfidte' wag ew&lmd Awlaf %bi# prl®i, 
ftiig rnx^rimmt iBilc«t©<& tImt is & H«lt to li#at ©^olntloa 
m th0 muhstmtm hmmmsB #asfem«st:©i of mnilmble mergy mt®plal« It 
al» shm@ that mm tkm ser© r«tilly awilaM# eeastittiasits of th® ««b-
strat# mm remornd, tMm mt» of hmt @w&MUoii ala<ieas p-op©rtlonai Ij 
iiBtil. in fh# •fcaapj'ra.^r© ©arw tlse hlg.t»-8t hmt «TOlati©ii 
ia0r«tt«rt obteia®4 ws .7  ^ f®r l5»ar m t« a r«t« of 4,t® 
h©ar in t-l® first pirn.®#-* Bl^hty lisnrs *»r# for tis t«ftpjr«.ter» 
t© ri®-# from to in t© hours# Sine® in 
tills »©f»a©« ths foptilafei® w&b. -mt aff«et®d, fey 
®ev®r»l ssessssiw t«sp«r^Att» rto®®, it eaa. ®»aeltt4«l tlmt ia the 
prwirioa® @*p#rfMas'fc» (Piftures f mi. 8) im whitfi a© adtittioaftl mtw 
soIsIjI® mtertal ws *44©4 mi is. which tlfe t«ap©r«.ttir« ms l©ira*#4 oaly 
^ 46 
twlc®, til® great reiwefctoa is rat® of hm.t ®wlufcl®a -^loh final l|f 
«oe«rr»4 «ss prtmrily ts «xhaa«ti®i of m. fsrHen tim substrat®, 
S» of substr&f by oxferacteAoa 
la ordir to sta-% tli® .®f B©41f>lag tli« aa^strat# s&m 
f«rs»atat loss *«•# fi^rrlad ©nfc with th# str«s d#s®rll>«d ia thm 
p»li®iHary »0rk» 27).', fhm agml .p-oe^Air® mm f©Il€w«d mxm0 
that tl» treated st«w® war« reis»e«l«b#d %• molatmlng witk -soM •wash 
«^«r fr«i m. amll %»atity rf aat,r#ftt.©4 itra«* war® ear» 
rl®4 out oa «,ll four treated sferaw* Cf:4gm» l§ aai tables §# 6, ? ftasA 
6)% fr®-»xtraeti#» witli hot 0',8 per seat la® , O-.S eewfc 
ilgSO^ aai $ p«p &mt H^SO^ 1 ai aa iaefm.sliif, ia th® order 
ia dittisiAiag %hm mt.« of he&t ®-W3lti,tloii from, th® st«*5, fftbl# f 
,sb«s tfie 8»xi»Ms mt« «f hast sfoltitloa ototfeia®*! Ia aaeh mm aad tli® 
tine tak#» to rmA 
Larg# time differ«ie®s &r« «sf«:«islly «Tid®iii ia them ©xp®rS»«;t®, 
{t&bl# f)# ffe© amminaia »t« of h«fct «irelttti©n was la tta®« 
r&ngisg imm Isoars in.tli© ©its# of th® h©t *at©r trsateA «traw ts 8S 
hours Mth tfe® S pr o«sl; IgSO^ trsstei 8tmw» there"ar® also larg®-
iiffersas-©# s-^ii»n% is tfc© ti» Mfo» #«ch f»me.afcatioa baesRea 
ests1jlisli®t «id pr«i«s»s signif ieant laeli »xp«rim«afc 
was 4i.seoBtini»e4 oulj vA%mi tto biological «fi4»f0ia% wbm reaeiiei. -#r whmn 
thm heat mvolmo. pr hour hmd h&msm mry wallw % m^hmsm th9 teat 
and caA<m 4i©xM@ «««©« ar« »®a to wlatai,. mA s@e<md 
tsspcsrsfc'-oFe rat© mxim ooc-nrrea ia ewry mg,© iadimtisg a stieeessioa 
ef groups of ©.rfaaima-',' 'A ««ai)ia» iassi of tht^ rat# esTTOs gliowa tlmt thi 
fig. 10* Cta^fts MhmiMg mitm% of hot waterO^S p»r swt laOI, O^S f»r 
«Bi %§% «<J SO f«r 6Mt %S04 ©xtr&etims o» mt»s of litftt %m c% from straw i&il&haMie. mpfmrntm) • 
•» 48 » 
WATER' 
Temp. 
72.4' 
150 175 lOO 50 75 o 
0.03% NaOH 
EXTRACTED 
X 
\ <co, 
5o.2-
ta.3 
ICQ Ik 
0.6 
0.5% h£504 
EXTRACTED 
o 50 ISO 175 lOO 75 
3^ h2s04 
EXTRACTED 
•CO, 
Tcmp." 
40 
65.3*-
20 
- m • 
Ta%l« S 
fffliiferatwr# readings fcai mrhom iioxM# ®-?olafet0tt 
fr« ij0t. »t@r «*t ir&c%®€ ^rm 
fS® t f«af, t Cmr'bm H t' t CAr®««. 
ia f ^rngr&m t disxli# $1. la -s iep-®#! i iioxM# 
Ii©«r8 t c^utlgraiwi BiS®» pr II hour# t ©©afelgrad#! «f,s» i«r 
f t hour ij t •t tear 
e 29.0 48 'o8,0 44.7 
2 29.0 
€S 6B.8 rr-.4 
7 2t»f 1.2 40 60.1 S3.6 
16 S4.4 .'5?.0 m es.s 42.2 
18 35.1 35.3 61 f'9.2 &6,6 
10 S6.1 SO.O Sfi 70.6 24. T 
as :r?.3 34«8 ,fO 71.f IS.8 
te 40,8 61. A 74 72.0 1C.6 
SI 46,6 52.0 ?S 78.5 13,4 
S6 55,7 G?,6 ff 7^:.4 7.6 
40 m.B 64.1 ?S 72,4 8.S-
rat# ]^sk«. i»«eo» l»ss frmoiaced m th® e«?teri% ©f strntt 
trmtsm-b# i»crass«4* foaa* ®^rl»ats that a# tl» 
atrmw tr#atmeats l)®e« .aor© arastl^ rsaoflag i»6r««lsg a®eaats 
0f amll&bl# 3atttri^^%th© rat® sf l®«t p'oda©ti©ii daorsag®#. 
• m 
Talsl# i 
fesperatum rsadiag-s aal ear boa dioxld® «vol«fci€® trmt 
0,S psr eent 8odi« liydroxide 8X"bract®d str®» 
Tim©'.. fWf » 1 Sa-riiia t •f 1 T#mp-, •1 Carlos 
ia $ d©gr®»8 t dioxide 11 ia 1 1 dioxM® 
ho ITS t e®stlgra<3tot ags. per Ii0ar® f eeit. Igrai#® ags* per 
•t 1: lio«r JS I. i t" hciar 
# 23.8 fl 68 »S 45.2 
4 25.0 •3..6 • fB 70.0 42.1 
16 28*0 11*2 7& 70.7 3S*f 
1§ sa*3 15.7 m 71. <1 26*6 
26 34.1 2©*i 8? 71.7 IS ,4 
SO SS,2 4T»» 91 71.9 If^O 
S4 51. f «fi 72.0 7*8 
8'9 49.8 66«Q , 99 72.0 7*3 
43 iS.l fif.7 103 72*0 S.7 
4t m*s 6f«.8 xos 72,1 S.8 
60 m^i IS,t 114 72,3 5.i 
m S7*8 Si.? 117 72.5 3^.7 
m 60.2 S7*S 110 72 ,S  0*.7 
64 64.0 a?»i IIS 72*8 
6f 66,1 50«0 
Per e«rt: i«@o«|<o3itiott €#17 
51 • 
fable f 
f®sp«i'sl;are rssliiig# aad «&rl>o» 4los:M« e-voliitloa trm. 
0»S ,i»r e«it 8iil|ib«trie saeld «x:traet©-i' ®fcraw 
f iW9 f®mp. » aire® * f«p.. » carboft 
la •1 4«gr«es i iio.xl4« ft is t €egr»«@ •f Mo rid# 
feo^s t asiAlfrad®! a|;s, fe.r 11 tioiir# t e®tigra<l«i ags, p»r t *• liour IJ f •i hour 
0 ma m 4G.0 SI.8 
8- tf,S • oa • .72 48,8 3S.,6 
IE 27,S Qa fS 49.2 SO.f 
1® E?:»8 •oa 7S &0.9 2S.6 
tl 17 »8 d.8 it .3> t4»§ 
^24 2f.S S.f «» S-2.4 14. S 
SS 28,i 1»4 fO S4.0 14.i 
•86 S9«4 S^,f 9S- 54.7 ll.S 
m 30.0 6^e 106 56.8 11.S 
41 S0,6 %Q 112 fiO.O 10.,,4 
m S2-,4^ 1S,8 IM 60.3 18.7 
m S5»t SE»4 llf 61.6 8.S 
m S4..T 121 n o \ifJk. 9 tif S,7 
M Sf*® 51,S 128 02.1 4.6 
58 40.0 SS»8 ISl 62,1 2»5 
ss 40.;§ 40.5 IS4 C2.2 1,7 
61 41..S 28.0 1$S 62 •« la 
6B «,2 33.4 I4S ra.s CS.6 
«s •M.S 50 »i 148 62.S s.s 
Per -ceat 4e©osposltim 4.03 
.» if 
. fmhu s 
fs«p®rafctjro readinf-s md. eartxsn dJoxide e\?olutioa tmm 
5,0 por c8Jit s-iilpl-'uric acid e-Ttracbed straw 
Fiai' » s Car'bon 1. . tStf*, t 
la 1 40gmm |. S 1 •ta s &@gtma •1 4i0Xi## 
fa«ar* t tmtigmAmt p«.r ««•  ii«art t o^jitlgratot i^,a. pa* 
« Isswr •It i t . beai' 
0 
8 
2B.9 
20.9 o im 4t.f »,l 20,a 20,1 
IS 28,9 0.6 itz 51.S l?.l 
IS 20,9 e*7 114 51,S ie,l 
m 26.9 0,6 ISf 52,S 1S»T 
S3 28,9 0,9 132 5S,1 2?,0 47 29,5 1.9 1S4 53.3 4t,l 46 29.5 7.S I,'?? . 55,Z m*9 
Sf r'0.4 9.7 138 55. i5 ms 
Si 'Kfi Q 17.1 141 56,9 56,4 
61 ?1.5 2,2.8 Ma S7.9 €8,1 
S4. 82 »S ?;i.8 145 58,7 4S,1 
• es sa.o 50.9 152 Sl.l 41,4 
ma 36.1 I3S.0 15S 61.8 S8,J 
-BS 42.? 74.8 182 68.5 gi,i 84 A 9 % 01.4 16? 64,4 $1 46,9 . $5.8 168 G.^c.4 10,4 
m 47.6 43.S l?f f-5,g 0,5 im •ia.9 "^.5 180 65,-S 6,2 
etat 4«®oapos4tioa 2,S 
.» ss • 
labl® t 
Eit»»ry of %#ap€riisw# «€ -tij® dlff ©ip»a«®» la tl» 
f®w«at&tl0ba of trmt®! stmw« 
t H&aElaw rafe# i f ims tssfc«B 
t of heat t %'<s r««A 
# ©volutl® psr 1 mxiawa 
s hour ani ttae j •b«s^r&te» 
t *ttaia#4 ? 
2©%, wa"fe#.r 
©srfcmetifti 
1*# ' l» Si lioar». 87 hour® • 
(72.4^) 
®xfcra«t#4 
1,5® 1» Si hewtn 125 hour® 
(78.55®) 
0»5?1 IfgSO^ 
extra creed 
•0.»8'® is 4f hoar® 145 lioiirs 
(62.??*-) 
8^ IgSO^ 
©atmetisi 
0.?® ia 8B tiO hmm • 
(66.#) 
§4 *• 
M&m m&ljms of pXmt eosagtittiOTte wars carried out on tl» origiBal 
strw» hot m&t»r «xtr««fc©# «tmw, and two of tis® «tmw r©sidiB©s, fM 
msthMs as«4 were -slailar to mos® umd hy »orm» <£0), fhn orlgiml 
straw was fsmad lorn M,4 pr ixy matter ^.sn treated hat 
wat«r is a bolliag m&tmr lath f©r oaft liour* ffe# re&iclng sugars deter*-
aiasA &s 0utlimd hy ilmffer «4 Somogyi (22) tmm CB.loula.t04 as glueos® 
m.i4 tmmd %a aaoisat t& only 0«€ em% lo lacr-ms® ia reduolag pcmeir 
&esum4 after hyirolywis of th« ®xtra-et wltli either 1 per sent omlio 
m.QM fm- SO miraxbmmg or with S fer sulplinrie ael4 f©r •!»« hoar at 
the boili»f, • poia.%» fhs. tst&l .altrog«ii wnteat of -ttie origiaal straw was 
0,M i»r e@at reprsesating S,4 pi-r mat protein, !mlf ©f *feioli ms 
r®ioT0d tfm hot water tr®sfc-i»'iit» The irtiir« of tfe® r®imlslaf mn" 
fitltta©at«. Is tfm }i0t wstftr ©xfcr&et ms n«t a.ge©rtaiB®4,. % th« f#n»0ii-
tstloa Iji wttnli ml J mm t«pa*sfcar« &».e©afc taofe plae#,. th@r© frowd t® 
"b® pmetlcally m loss of »&t#rlAl,, Iniileatiag t^t th# 
al®roorgaal«s «st h&v# ©btaiseA tti©ir ea@rgy &l»st exoliisi-riily tr&m 
tli« *&tsr soluhlm frft«tiea, la tl» <«g« where tmr-perator® aseent® 
took p,lae«., the sitmtioii is <4iff#retit, 8er« C?»l5le 1©) all but 0,t 
p«r e«t of the polf«rssM« tesleellalo-s©# were ©3:t®i3siT«lf resto-vM, 
Iha e®lltilosan associated th® esllttloee was not sipiiftcastly 
elwaged, ftas It Is. rn-pptrmt tlmt at Imst p.rt ®f tli« hemic®!lulos® 
fflstsrlal eas b® uset by the siicroflom to pro<i«e© li&ftt if tl'® fementa,-
tios essiitiaiies for a atiffieimt length ©f tSa© to- mAmset th© imro 
smilabl# mt erlal.. 
*" 66 • 
fmhlm m 
•Metlyms mt urlglml »%»*, ©xtmetm. s%fa* 
and mm 
1 
Strm 1 
•t 
f 
1 
't t 
ylsM % i 
t 
t 
t 
1. 
S-
* 
KrfSrS 
fro-.-a 
$ 
iFurf'ar&l i 
t froia s 
i|>olyurcnid» t 
J h  e s i j u e e i  Inlmm t 
• ^ , 1 
Mgrna 
rntrmtmA . IS-.O 4n.f fa • ts •• 17.S 
lot w*tw 
esstraet-aA 
1S«0 si,.i f,f ?,» li.s 
(1 
1S,4 f,.» 8.1 
if &®«ssea%«) 
f.S • 60-.1 f..S 9.1 •«» 
•a®sii«© fr* &g la I* 
.fr« ®3{f«.rla«t &« described; ia falil# 4, 
» 86 • 
Bttrog®g .r®qmra«sati 
la stadytag tha literatar© it ms tfeat Gllsaaa (f) 
fcaad the a44it:i&ii, of altrog@a be esserifclsl snA «®rta.iB so-aro©® &i 
aitrsg®a t© b# sor» b®a#ftelsl tli«R ©fher® ia ftiagai tharsogenesis* With 
orgaaic «0'ttr©®» sf sitrogaa siaeli *3 *sferagtB,, higfi^r w#r« 
attftino^ thm *itli iaot^aeis S9ure@»» As a»fe0-i b@fo-r«» Is ail naparia^ts 
so far «l««©rife®4# l»f of attrftt# wa.s t# lasur® a 
sapplf 0f amil&bl# aitrogea for tM «i©rsorfwis®s». Slae«, 
hmm-wssTf tke «xt«afc #f iesontposltiea m-g r@lfttiir«ly gaell, asd aiaes 
fjjagi w«.p0 ast w#ro «arrt®i to mmriimM 'rtstfew-
alt:rof#a aidltlens ar« ii««sssJEy to ©^tai.tt aaxiam liest p*ala®tio«,, tl^ 
amitim ©f m« eialtfe## «a4 t'mferatw# r»adi»gg aai 
«rb©ii #t©^d«i sl®t®rffllaalow wr® *d# *« asti&l* fyfl®*! remits ar« 
8lis«» ia Fifiar* 11 &M f&M# 11» 
fam# » 
fmfrnr&tmm netMngB mA »rt« iloxli# ®TOlatlc« 
frem «tmw wttlioat aicttttoo ®f Bltr®£«a 
f f«f*. 1 CarBoo ft fla® t f «r,p , • 1 Carwa! 
la t d«fr@«g t ciioxid« 1 s t degrees 1 dioxid# 
m
 
1
 
0 1 ^s, pr #s hears t eentigra'^i rri;i;s. per 
» 1 hour If •-I t hour 
0 tia 2i i4.i 10t»S 
f SS.*9 25.9 m TO.S 73.2 
11 40.5 35.0 31 T1.4 «7.t 
It 4S*4 154,0 3S 72.5 44.8 
m 45..9: 150.7 57 72.9 Z9*9 
M 48,2 16S.S. 38 T,i,0 tg.2 
ic il.S 11G.5 40 7S,2 li.i 
18 §4.2 86.0 41 7S.Z s.i 
£0.5 ma f2.0 48 72.4 I«..0 
2?,, 5 60.».O 62:.® 44 7S.4 •0*1 
M 62 «§ 81.4 
P#r ©©at sl«©©r^ostti©B S.S 
Fig • 11# ef hmf, mA C% in a &t^m f#r®9atfttlQii withewt 
aMltless of aitr»ge» (in. ftdlalsatie 
Fig. 18» Satot ef hmt ascl COg eTolutioa aiid chajig^s la 
nmbcrs frosi & stravr fenaentation (in adiaift-tio apparatw}. 
Eacterial counts o;a parallel femeutatioiRfi* 
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tabl# It 
Tmimmtmm- rmAingSg ear-tes ©wjlution 
mA eoaafc.®,. e.owbs 
•la ^mllel temmMMlsm*} 
' ^ S s  " " l a  " ' i '  t ' ' ' I '  ' K © t « r i a '  m S e r s '  
hews. I, decrees f dioxide j p®p f», #f ovsa 
.i e«tigraii«i sigs. pen trj rssldte® 
. i . f. how t 
0 21,0 
6 28^ 2 8.1 
? 28.5 21.0 
$ 89,2 47.3 
9 so.c 66.0 
m 32.7 90.5 
11 58.8 149.5 
12 S7.8 
IS 41,6 M§.l 
14 43 »9 la®,© 
IS 4S»6 141.9 
Ifi 4€.f 106.,© 
18 «.? 112.7 
It 88.7 
20 60*8 85.7 
21 SI ^'6 64.8 
22 Sg»S §».© 
2$ S5.,8 8S.2 
m SS,j SS«4 
56.6 00.6 
57.7 €7,2 
sa.i 79.4 
29 60.5 101.0 
m fil.9 @<3 
SI S3.1 03.1 
Si 64^ 3 102.8 
8» 6§»f 110.9 
SB 6f»S 89.S 
Be 67.8 8l«« 
3? B$*2 n»t 
3$ 68,4 es.f 
39 68 »4 60*f 
4B 68 ..,4 «S.4 
x m® 
5s^6 x 10® 
.l,6sf*0 x 10® 
s«.& x 10® 
is i^ x 10® 
i,? 31 10 
0.«t x 10® 
6 
0.1 x 10' 
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striw .Ib •#«»«!• 4s th© tiaperatw© r&m a 
Bottl# "»a® rmmmA md at tti© iat©r?ala m.&i. ieap^mtuws shoim 
ia Ftgv.r0 18, m hmtm^riA oowat wik® *ftd« m til® »e«i<iiae-ta tlm 
«©atrolllMg fe»«n,t&tl«sa la tiila wmf' eowats 'm^rm M«d@ *t g«wa 
Aittrnmnt -of ih© &» t«sf0rat«r# mse tr&m 28® 
to 68«#9 wi o». th© orlgiiittl. #t*«» 
A% 6. of Sf»0®K, ^'ieh ftlisftst with thm M.gh«t3% 
rat© ©f lisjtt tli« r©a«li®l t!i® «so«s0tts 
of 3,,.:SS?,.000,000 ©^piiiitt# f»r fi* ©f 4ry fh© iMbers s^sxaitei 
.« the orlgiafti ii^* »t,r*w mr© 2,014,000 per gr* mad ftt 'Uie eai »f tli# 
ea^-erim&Bt. #t» mmimm ir^pf^d to 130»0W per grm ef dry . 
. S«.et;©ri*l »mber%. mprmsmntmA hf the wrtlttal liatelie4 I4a®s (Fig* 
we IE) imA •khm s«a# f®ii#ra3, treai «s th® $mA. oartssa dlsxiie 
a«t,© «xo«pt t!»,t tli^ iii a&t mhow & .mssmS. p©®k., laste&d tli® 
awfeer# gmd-mllj t&l'X -sff from th® ffrst pessk ts -tit® low flg«p@ ofet«ljn®4 
«,t thm mi of th# •xperiasnt*. ffm fm% ti»t th® s«©ai .p^ak i» aot 
r^fl-eeted ta tl» %«iet©rt«l eotiatt Is ^©«w® th« fl&t#® wr@ 
in8ubst»a »t a SO© «ai wetili mt th#»for® ImsIwS® tli« 
tli#w6-^l.lle org»tttw.« ta tfc# sfp«r lhe»» ©©W3.t« tli®r»fdw! 
r«fr«s@»t th© of aesopMlio' org«ttt«i sai fc.ri«f out the «tri.M»g 
r®iii©tl®a ia ata^rs &t -ef tMa S,T<m  ^ tieat «©c«rs ms tli# t«ap»r»' 
atiare rls#® oat (ft thetr m>rml rmig»m 
fM® «af-0ri.itmt fnmiahos fw:rtfc#r ®Tii«Be# ttat flsy as 
i^orb«Bt rol« ia bBmt rnfointim hy dmwmpmixtg piaofc wtterisl* fim faet 
tMt the litgfes«t b&e1»ritil ntMmm mm &ht&im4 mt m polat #olii®l:itag 
with th# saxtaaa »t»s of feeat mi iloxict# wolatlea iadleftt®# 
flat® A» Photorraphe of Baeterial Colwi® mi Agar Platee frosi :e&eterlal 
Comi i:*T>0ri?nsat» 
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reaoYiag the ©apboa ciloxid®*. ffcs -water in the bead tower ms psplaeM 
with 111,000 HfGlg a«lsfcios.|, aa4 tfe® rubber tub® leadisg frai fcl» wats-r 
t«er m.s steyilie#^ la HgClg selutim b©.fffiro ©oEtnectlag it ia pla«®i 
f'h® 110 al* of wat«r «s®d f©r ii»i«t«aittg %lw strsw ws® sterilised md s, 
sufestaij'feisl ineoalat iosa of sporas of ^sygrgillas faaigattts ws adfl©i,«- ?1» 
Jar was a»©p%ioaliy stspi^r^, lalsi m its si4e iBitil tl» 
straw !md al>s»rl»i t1» *s%er,* ftea tli® steflls eo--wr was olaspad into 
pM<j0 m the s,ad tli® fsraasj^mtioa m« started Ie fm ug'aal my, 
(fifar# IS ant fafel® iS), 
f*bi# m 
Tnmpesr&trnm re*4iBf s .aad «rl}«i iio^d® eTol'ofcioa tmm 
sterile straw inoculated with a pur® 
oult-ar® of A^i^rgillag fmigfttMS 
fim 1 Tenp, § 'trntim • ft IfS® f t 
ia -s #«gr®6* 1 ilexli# 1 ia 1 dsgr«#s 1 dloxid®. homrm :$ cerrti£,-n&dh®f. sgs, p$r • 1 J bsitrs t esufeigra#®.* ags, 
t t iioor s J 1 , , * 
0 88.2 2i «•? 77*4 
s 28.4 0.4 tf 51.0 8a.4 
§ 20,6 0.7 SO S2,0 75.S 
14 Sl*8 5»7 SS 5S.S 61,7 
IS M.O 10.? SB 54.8 55,7 
aQ,s 36.4 5®.l 41 54,8 I6.S 
21 §8..Q 4S S4,a 6.7 
... o A taaparataar^ &i 54*0 ' ms In 18 hmrm frm « mitial 
•0 • 0 • tfsBpem'ta.r® of 28,2 A f««i: mt» sT t»$ p®r hour was .attained ia, 
2S hmrSf after ^Icli tis# ®i© rate af li#*t ®'K>l»ttai 40cliB0d tm 
a®r® at 41 liours. Only oim peak w&b af|ar«at lis both th® t»ap©mtttr® 
fig-. 1S» Bates of heat C% fmm * sterile straw 
Isoe-ilia-hod witli n pw© Ottltttr® of Aefergillas (la 
ailalatio 
flg» 14 • iR-to# of heat and COg evoKition fr©a & »t«rtls mttmt 
taooalated with a pure culture ©f lua Ua«lll«s 
' (la a«Halb»ti© afp&imtas) 
rate of hf.at evolution pe.r hou1s 
•"0 
o 
o im o o 
rate of cos evolution in mqm5. per hour 
rate of heat evolution per hour 
rate of coa evolution in mgms. per hour 
• 68 • 
aad ©arbon iioElde wte cwros lAleh la as i»ulfl I* ®*p®et@d in a p«i*© 
cTilttir# Th« »osE,t s€ mrhm. diexid® produeed w&a caly 
8S6,.T allligraa® as eoas^red to G'mr 2 gmms la »Oifc of the mlxei siers-
flora ferasft.n.tati©»Si.^ fl» study ^AmB. that Awgwrgtlitis faaigA-tes ha® & 
r®H«rtal)ly wide t«pw»te:r« raag® tliroagbIt is aetiT®, this 
faagaa is e«p«bl® of sigalfiea-rfs of feaat be-fewem th» 
tmi^ratures of SS ®b3 6€ and kmm imj plsy am. iafortaat role lo 
tliera«g#ai« 4®Q#«fositioB oirar a liailt«i tesperatmro rs.iig«.. llthoagb 
th# straw w«« Initially heavily iae©ttlat«d wltk Mnperglllm spor©» at 
tto ®ai ef tfe© ©^©rlamt ^#ol tl» m» diesmtliwisd, tfere 
sas littl© trae© #f »ay syeelSsl, grwFfeli;, a ss«pl® was »s«ptieaUy r»» 
iaow4 «nd oat ®s afar* flM» pi&t«s sti«r«i a haa-ry growth of 
4sp#rglllw fml|;at»s 'Sith ao 1bii6t«ri&l ©ont«tlsati@B. 
A a«<md 8Xf©rt»«% was wtrrl«€ otf: aslag a pur® e?iItBs.r© of m 
Misiiltts p*®iri0tt8ly isolated 4mrlof th# cowiA ©spriiwt. fli® eulttttro 
was iao«tjlat«i into a sterile aagar miA tneubated uatll goM 
growth was obtaissi.* Th® ecintlm was e®iJtrif«f«€ tmtil mmt 
th© bacterial wlla i*i separmtsi 0ut» fli« i«^ar ssltitioa was thm 
poured ©ff, ©Bid th# geimtiiiott® m&se «f hmskerlml cells ms saspaniiefi la 
thm usaal 110 ml, ©f water assi t© isoi®fc®tt ths straw, Th@ 
straw, f«rm®Jifcrt^io» wst#!, a-M ottj,«p aHparatwg -ws ma<i» sterile as 
dessribed before# 
fli« r©8i4lt« (tabi® 14 -mA Pigar* 14 ) shew tMt tfe© oi^,aiilsm 
iB til© »sgfhHl# group slao® ttt® reaefeedt only S€.*8®, It 
also displays a wid# temperaturs r«f© b#4^ aetiw tlisriwgealcslly 
omr Si.l®. fho gr®at®r l®»gtli <if tlwt r®ftJ.r«d (TQ lio«rs| is probably 
«. 8s •» 
tabl0 14 
t©iaperatw« rmdisga and cja-rboa «irol.'atieMi trm. 
st#rile stra* iaadculr-tet with a ewlttir© 
of as midenttfl^ii tuaciltea 
t i- « 4 T1»' t t ^Cair&ja; 
la 1 dog.reea t €1®*14® 1 1. itt f d«gr»e8 t iiex-M« 
hour® t c0ntifTraiei,f p^r i i hmrs J cert i£:ra4«t ags, pof t 1 ho«p- t * t i tour 
0 20,2 S8 2S.« 
6 26.3 0.8 4S U.S 4&.f 
12 27.0 0.7 46 4f.S il,» 
M 37.4 1,0 4B 48 .« :-'9.o 
22 28.S l.# m #9.6 58.5 
t? 31,2 S«1 SI 4&.t as.§ 
If $1,9 4,.l s& 51.0 i»»a 
SI i2,.f f.-? 61 52,S f,4 
S4 M.S 14.0 m 54*8 o.t 
M SS.l lg,t n 84»S o.s 
%r mnt 4©«s«p0giti«a l,f 
t® th® faet tMt tins afficsat .ef iaoemlaiat- nmA ims s«!sill#aii4 ftpprox-
20 honm 'pmmi. hmier^ tlj» fera«ttta,ti«^ really was aai#r 
A l»#ak tsspa-at-ar# rate «f 1«0® liear «# at 4S bsnrs^EiaA 
agatlB .©fily tme pe-afc i« ia tl» tmpmm'mre- mi€ mrbcB €i©xl^ 
rat® mvifm»0 M usml 1^1© eaAea 'mt® ear*# lags soswhat 
behlfld tlj© mt® c«rT«,, fca% Is g#H«r*l th® tw «r# 
vB-ry similar*. Tfee tgtal ®®ow^ &t Cfcrfeoa fiexid» pr©4tte«4 w®a S8f .7 
milligramss,. ^,leh i# from 400 to 5C0 mllllgpaMS l##s tima that glvm 
Qtt Isy s six«i flora *©» It j^aehes * teapwatar# of 84®. The 
of 4a«oapositiott. mt aI®© l®«,. oaly l»? per ©<«%• 
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hmmimrf is proM.bly tery mmil wid would aot a^terlally ehang# the total 
nmiher of ©al-orles ol»tflAa@d, % m atiabatle syst«m th« fi^r® for th« 
totsl e&lori®® gm0-rmM4 is ©aly m sMpM aaltipl® of tfe® iitfwmm 
bB'tmrn. imitMl .«<! flml t^ferafcuras If 1^®*# is m d,gaifle«t ®lmag« 
ia mss, B®c«is« th® ^®«slf te hm&% ®f .strsir I# lifj#, ts obtain * r«da<^ioa 
®f I p®r e®!^ ta tl» "wtt#r of tlie femeatfttlou tosssI ioid eoa-
t«Bta womld mqnir» &. loss of dry *tt«r «# €.»4€ pp % «3Eptrte«iri;s 
ia ^tek th® t«perftt«r® &s©#iM4@i eelF# #am^ ©f {l#sompo-8@d 
rskr#lj #xe»«d«di half tMs f loae«, a to«rled|:i» ^ thm t.ofcitl aseuat 
of l»«t ^rotmA is of littl# .fitM#*! ia &s©#aAiaf tiifou^ 
thm s«a« t«Sif§'rmt«r© raaf® a«M «xtmct«4 tm- -wtiM pre-
ium almost tfc# »sa® WB^«r of ©mloriea •&» m mss ©f atttr«at®d 
straw, th# oaly ilffersBeo b®lBf is tli® tl«s tak«» t@ @t©1w th® 
Tb« 4©teir».iBatlOB ®f th© fmt» ©f lismt. ewlatl® ts @f aor« i?al«e as. «i 
ia4«* ««? «l©r®lii»i .aettTity ia tbe tlwa th« tot®.l eal«ri@.8 
of heat ©TO1w€., aai tils my b® ®xfr©ss«i wri. 1 In tersis of 
dmgrem riao psr liTOr, as culorle# f®.r hotir,. Ckly if sBbstratss of 
©ntir®ly tliffsrsttt efeg.i'aeter were fc©i»g eeapar®#. waiM it b© a®e©8s®ry 
to exp-ess th® t»japjra.tttr# i.B©r®s©iit# in t®r»# of «s«-lQrl®8, 
fh© mtm ef h®&t ®Y©latlea darlag th& dseea^sltloa of straw is by 
no »a»s iffllfORB and th® two w®ll*40fl».®d iwtxim thsA %m apipareat 
Indteat# tlat th® acti-w poB«lation way b© «ii*ii©d ^Istlrtetly int# a 
M©s©pMlie mA a tli®r®epliil.le fr«tp whieb femrely ©verl&p, 
B©th fungi aei fe&st«ri« plif iia|j©r%«t fwrts to then®Qg©fi®.slis lay 
pl&Hfc »t«rlala, la t}s®«e ®.xp«p im«%s sob© ofesarmtioBS mm, t& iadi-
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infwstiffttieais, it a»y tn® timt the iaoreaas -sf %«af«ratwe is asralf 
ladieativf^ ©f ® ®@rta.is mt« of d««»p©«itl6a ttM®r 6©nditi«s ia «felolt 
hmt is lo* l»ss mpMly tfea» it ts *«*«oT®r, th# rlsiag 
te3sip«a»atiir® itmlf *111, wl-SilE tl» liaits ®f th# aetl-w® ©rgaii-
Isissi a©o#lerfct© tii# pr^gmm* ©f d#©oisf©»itl®a aai tfesrefore, ia #^ual 
tl», %M aaoa^ oi mttrM i#0«af««#d will b® greator la &a ia8«lsfc«i 
*S8 th&a is an ttatasa^t'Wi 
'• 'fl» thaoi^ hag b#SB that ^rtmls oi* t'h® safe-
stmt® &m imrm Isportfcst tfem o%fer# ia ial«r«Mal t}i@meg®n««i®, «j€ 
ia th« #xp@rl*mtg ia Wem&r fMsk« mrrMi. mt hy Mrmm (it). It 
app®ar«-i tfest tb.® lj©:*ie#lltilos»g w®:r« salJStaatlftHy sttaskei hy "tl» 
tiii» that %hm mxlaitm me % tto ailafeati© 
hmmmr, ttisr© is llttl# dottfet %«% felmt th% laitiftl mpM 
ovQlntlm of &®8tt that -©^STir* iii aRtr9at®4 stmrn is Am. te ths 
tatiea «f mttmr aolafei® mlnm thm rmmm&l. @f this frftetlo-a 
mr-ke'&lj rm&n&mA Wim rat# &f heat lomet^r, tli« samll p©r-
0#ate,f;0 less that occwrsA in on® sB«ea% pr#®lt34#® th© feasitsllitif ©f 
any ®r,sl4@mbl« attack qb th® ©oagtitasi^s-, eanstlfc«m-t« 
©tli@r tlims tfeo»«. ia thm m%#r selalil# fmetlea »s *1## b© r«fa»T®i 
•witli ©TOliifclos of hmmv&r^ «,s «TM@E,ea# by tl» e:x|3#rl«®t® Mtli 
acid ©jcferaeted straw, b«t tii® rsto of heat ©velutloB. frwi tlt©a, ts em» 
sidsrably l«gs» In Ifce exfeawftioa in wMcii gerea xk^ 
»sc«fc§ wr® t!i@ rssMis® whm .asalys#^ ms fcfuad to feaT« lesfe-
»o§t of th® pslyaroaM® feeai«s©llal0»#.* %i@r ©mAitioas in A ich sm# 
liaafc nay Ij® lost fraa tha Aseosposiag milj thos# ©oastitaent# 
tiat &m -wltli tfc# ©-rolatloE rf teat at a rat© f&sfcer tl-mm tb© 
rat® of l0s« will b® iap-ort&ift In tfiewwafmesls %tA the dirid-
isg lltm 'Bill rest 03 tk© Asgr®# of ls«ilatl<m ef tfc@ jmterial'» 
As iudieated pre'fioasly, mmnsA, of 4#©«aipo«lt io» ©f stmw a 
lalxsii fl0m dsrlU'f en® t'attper&'fcur# asoeii't wa-s sasj;!, % Is iater®®felng 
to note %hmt fteeerttiag tlie «<f_tatioii +• SSg •-»> 6€Qg #'2 0 + 
C>8S:0W ealeri®«, 1 graia <9f feexos® would -IGgO calori®« If all tli# 
«B«rgf lllKJ-m%-©€ o« clls«iiail«tioii sf par®€ as !»&%• Aeeording to-
ealealatiQas em |».§0' 37 it ms fotaid t'l«% sllrlitly i#§s tima SOOO e&l-- ^ 
ortos *er» libo'.a'tei in -m feypieal #xp»rlw«at In Alcti Itie t-empsratw® ris® 
«as abottt 45®» fhis airiber #f mlQAmm •muM "Im the 
al50«% 1»5 grmnB #f hm%9m» 
fhia tluMB, ilff«r8 frsm®«ay pr««#ittig iawstigatioas in tlmt 
it has »s4« possiM« ©Isarmtiess of th® tint® @liRWi,et«r of a »«A larger 
sft©ti®a af tlie wtnf® in liiiA mter«®i»fa»lsB» are aM 
sf tl» pli«i©a8jt©a of Imt e»9lati«a s^rar thkt t«»pemttir» r«»gs la 
•'mlQrmr.$9.tiimn ar» usuft'lly wltli«wit th© -dtsturlbtii^ f#atw» of 'ais-
ietemiss-d mr tiiidetarala&tt# jieat l®«®» 
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mi S.,0 per Mat 22§©4 result®# in aateriai d«er®fts«© itt rates 
of tes-t swlrttea,,, tfe# d®©r©SB®» b®iag ift the &r4w »&»€« 
(6) A<l.'3itl<ms t£ nitrogma js'O'tmi. of ao teneflt to decespo sit ions Is 
obly one temper^ atsw® age®at oceirraft* 
(?) Bact'®rla.l »:«nb»rf mnd mt# «f l»mt ®*rolii;loii app fr&M t9 %« 
slos®lj r0'&.t«d,, ©af-selAly Is the mesophllie t«8p®r«ttw-® mag®, llie 
r®latio^^ip «as n&t e^iartb in, fel» tl»^r<aoftilli®: tsaferatia-e' ragioii 
fr«»bal}iyp it is .becatas* Mi® «©\ait flstss wer# not lac^ibatei 
stt tfeermophtli© 
C8) Rir® cult®*® fe»Miatl0»:s Myerglllas &tu» m& mn 
ml CI fcifl«4 Mcllltt* preirsi %® %# «ettT« oaly ta tha fe»mp«r-> 
atsM Both thmm Qrgm lmm p*Mii,©@l. teat ©wr «t wiAt 1j«i»rat^a'« 
r«ag«», 
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